Pot Marigold (Calendula officinalis L.) is an annual ornamental plant with yellow to orange flowers which belongs the the Asteraceae family, its flowers are used in the pharmaceutical, cosmetic and food industries. The commercial samples of seeds (n=24) of C. officinalis were cultivated in home gardens in Estonia. Total carotenoid contents, determined spectrophotometrically (=455 nm) in the inflorescences, varied from 0.7 to 2.7%, the cultivar with the highest carotenoid content was 'Dracon'. The total content of flavonoids, determined spectrophotometrically (=370 nm), varied from 0.8% to 1.7%. The best cultivar contained almost maximum amount of total carotenoids (2.5%) and flavonoids (1.7%) was 'Radio". The oil yields of eight cultivars of C. officinalis obtained were from 0.10 to 0.43%, the highest yield (0.43%) of the oil was obtained from the cultivar 'Double Ball'. A total 70 compounds were identified and analysed by GC-MS in the essential oil of C. officinalis, representing over 95% from total oil. The major components of the oils (>5%) of C. officinalis cultivars were αcadinole (18.4-32.0%), γ-cadinene (9.7-18.9%), viridiflorol (2.0-10.0%), -cadinole (4.7-7.9%), δ-cadinole (3.3-5.6%), and γ-muurolene (0.8-5.1%). There is no clear relation between the colour of the inflorescences of C. officinalis and the total content of flavonoids and carotenoids. The chemotypes of essential oils of C. officinalis were not found among the cultivars studied.
The content of total and individual carotenoids in Calendula officinalis is studied in several papers [3, [7] [8] [9] [10] [11] [12] . Major factors that impact differences in the amount of total carotenoids is reported to be the plant cultivars, colour of ligulate and tubular florets, time of harvesting, the place of growing, and origin of seeds [10, 12] . The total content of carotenoids was higher in petals than in pollens of C. officinalis [8] . The main dye is a xanthophyll lutein [13] .
The results of the studies on flavonoids in C. officinalis have been also described [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Accordingly to Bomme et al. [16] the flavonoid content in nine ornamental cultivars of C. officinalis was detected, the highest content of flavonoids was determined in the variety 'Orangebugel' cultivated in Hungary. Ten cultivars of C. officinalis were analyzed in Russia, there were two cultivars with high total flavonoid content -'Sakharova' and 'Il'tarusko' [19] .
Also composition of essential oil of C. officinalis is studied from the beginning of 21th Century [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Thypically γ-cadinene, δ-cadinene, and α-cadinol were determined as major constituents of the oil [26] [27] [28] [30] [31] [32] [33] . The chemotypes of C. officinalis cultivars are not clear. The present paper reports the results of the analysis of total carotenoids and flavonoids, and is focused on essential oil composition of different C. officinalis cultivars.
The inflorescences of C. officinalis cultivars contained from 0.7 to 2.7% of total carotenoids (Table 1) , which means that the maximum amount differed from minimum by nearly 4 times. In our previous investigation, the minimum total content of carotenoids differed from the maximum by 18 times [10] but the content of -carotene even nearly by 30 times, a moderate correlation between the content of -carotene and carotenoids was found [9] . The ligulate and tubular florets were removed from the receptacle and placed into the mixture in previous study [10] instead of whole inflorescences analyzed in the current study.
The cultivars 'Radio' from Latvia and Austria contained the same amount of total carotenoids (2.4 and 2.5%,) despite that the colours of their tubular florets was totally different (dark yellow or dark brown). Also 'Candy Man' from Austria and Russia showed similar level of total carotenoids (1.8 and 1.6%). On the same time the 'Fiesta Gitana' (from Lithuania and Finland) and 'Indian Prince' (from Russia and Lithuania) had two times different concentration of total carotenoids (1.9 and 0.9%, 2.1 and 1.0%, respectively). Usually the cultivars which contained more than 1.5% of total carotenoids have orange ligulate florets and dark yellow, dark orange or dark brown tubular florets, but some of them ('Indian Prince' from Russia, 2.1% of carotenoids) can be characterized by golden yellow and yellow ligulate and dark brown tubular florets, the same can be mention about 'Fiesta Gitana' from Lithuania (1.9% of carotenoids). But 'Orange Gitana' and 'Green Heart Orange' with lower concentrations of carotenoids (<1%) have orange ligulate and orange or yellow tubular florets. In [10] was concluded that the flowers with orange florets contain more carotenoids than yellow, canary yellow and carnation yellow florets. Thus, the correlation between the content of total carotenoids and colours of florets is not so unambiguous. It is clear that by the bigger content of carotenoids, the C. officinalis cultivars with orange and brown flower parts may be preferred. The total content of flavonoids in the investigated 24 samples varied from 0.8% to 1.7% (Table 1) , the minimum content differed from the maximum content just about a two times. In our previous study the difference between minimum and maximum content of total flavonoids was about 3 times in samples of C. officinalis and for carotenoids the minimum content differed from the maximum 18 times [10, 24] . Thus, the peculiarity of C. officinalis cultivars is not so important from the point of view of flavonoids amount than regarding carotenoids concentration. The cultivar with the highest total flavonoid content was 'Pacific Beauty' (1.7%, Finland) which can be characterized as very heterogeneous because the cultivar had inflorescences with ligulate and tubular florets with different colour combinations. The lower sum of flavonoids was determined in the 'Orange Gitana' (0.8%, Lithuania). Both mentioned cultivars contained an average content of total carotenoids (1.0%). We conclude that there is no clear relation between the colour of the inflorescences of C. officinalis and the total flavonoid content, the amount of flavonoids depends on either the place of cultivation and/or the cultivar of C. officinalis. 
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Natural Product Communications Vol. 11 (8) 2016 1159 The best cultivar contained almost maximum amount of total carotenoids (2.5%) and flavonoids (1.7%) was 'Radio" (Austria) which may be preferred for medicinal purposes. The 'Radio' from Lithuania contained the same amount of carotenoids but a double less of flavonoids (2.4% and 0.9%) than the cultivar from Austria.
A total 70 compounds were identified in the essential oil of C. officinalis, representing over 95% from total oil. The major components of the oil (>5%) were α-cadinol (24.2%), δ-cadinene (10.2%), γ-cadinol (7.9%), τ-muurolol (5.8%), γ-cadinene (5.7%), and germacrene D-4-ol (5.1%) ( Table 2 ). According to [26] [27] [28] [29] [30] δ-cadinene, γ-cadinene, α-cadinol were also principal constituents in the essential oils of C. officinalis cultivated in South-Brazil, South-Africa, Serbia, and Montenegro.
The oil yields of eight cultivars of C. officinalis obtained were from 0.08 to 0.43% in dried plant material ( Table 3 ). The cultivars 'Greenheart Orange' and 'Pacific Beauty' contained so little of essential oil that their GC-analysis was impossible; the amount of essential oil in 'Ball's Orange', 'Fiesta Gitana', and 'Pink Surprise' was not detectable. The highest yield (0.43%) of the oil was obtained in from the 'Double Ball'. The flower heads of 'Persimmomn Beauty' studied by Krol [34] contained the highest amount of essential oil (0.4%), in our study the content of essential oil in the same cultivar was at average level (0.2%). In Brazil, the average yield of C. officinalis oil was just 0.1% [28] .
These cultivars contained 18.4-32.0% of α-cadinole, 9.7-18.9% γ-cadinene, 2.0-10.0% viridiflorol, 4.7-7.9% -cadinole, 3.3-5.6% δ-cadinole, and 0.8-5.1% γ-muurolene (Table 3) which are mainly bicyclic sesquiterpenes with total amount 43.0-67.0% in oils. Accordingly to Okoh et al [30] sesquiterpenoids dominated the fresh leaves (60%) and flowers (26%) of C. officinalis. Several constituents we determined in the essential oils of C. officinalis, such as δ-cadinol (3.3-7.9%), calamemene, palmitic acid, selina-6-en-4-ol, etc are not mentioned in other studies we compared ( Table 2 ).
There is no significant difference in the amounts of main contituents of the essential oils in C. officinalis cultivars compared. For example, in Origanum vulgare oil the difference between the minimum and maximum percentage of main compounds was even 69 times (linalool), 34 times (β-caryophyllene), or 30 times (germacrene D) [35] . The chemotypes of essential oils of C. officinalis were not found in cultivars studied by us.
Experimental
Plant material: The commercial seeds of C. officinalis cultivars (n=24) were used for cultivation of plants, the first 14 of them ( 
Determination of total carotenoids:
The carotenoids were extracted from the plant material using the mixture of n-hexane and acetone (1+1) and the optical density of their solution was measured spectrophotometrically (=455 nm) in the mentioned solvents [10] .
Determination of total flavonoids:
The flavonoids were extracted from the plant material while boiling with 70% ethnanol, after that 10% sulphuric acid was added, it was boiled and ethanol was steamed on the water bath and the extract was filtred, the sediment on the filter paper was dissolved in 95% ethanol. The solution of aglycones was diluted with 95% ethanol and the optical density of solution was measured spectrophotometrically (=370 nm) [24] .
Hydrodistillation of essential oil:
The essential oil was isolated from dried inflorescences of C. officinalis by the hydrodistillation method described in the European Pharmacopoeia using 40 g of cut drug. The distillation time was 4 h.
Gas chromatography: GC-MS analysis was carried out using a Chrom 5 chromatograph with FID on two fused silica capillary columns with bonded stationary phases SPB-5 (30m × 0.25mm, Supelco) and SW-10 (30m × 0.25 mm, Supelco). The full methodology is described earlier [35] . The GC analysis of 16 main compounds of essential oil was performed using Agilent GC 7890a chromatograph with software Agilent Open Lab CDS Chem Station and with FID on two fused silica capillary columns with stationary phases DB-5 and HP-Innowax (both 30m × 0.25mm, Agilent). Carrier gas hydrogen with split ratio 1:150 and the flow rate of 30 mL/min was applied. The temperature program was from 50° -250°C at 2.92°C/min, and the injector temperature was 250°C.
